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1.0 INTRODUCTION

1.1 Background

Turlock Irrigation District (TID) and Modesto Irrigation District (MID) (collectively, the
Districts) are the co-licensees of the 168-megawatt (MW) Don Pedro Project (Project) located on
the Tuolumne River in western Tuolumne County in the Central Valley region of California.
The Don Pedro Dam is located at river mile (RM) 54.8 and the Don Pedro Reservoir has a
normal maximum water surface elevation of 830 ft above mean sea level (msl; NGVD 29). At
elevation 830 ft, the reservoir stores over 2,000,000 acre-feet (AF) of water and has a surface
area slightly less than 13,000 acres (ac). The watershed above Don Pedro Dam is approximately
1,533 square miles (mi®). The Project is designated by the Federal Energy Regulatory
Commission (FERC) as project no. 2299.

Both TID and MID are local public agencies authorized under the laws of the State of California
to provide water supply for irrigation and municipal and industrial (M&I) uses and to provide
retail electric service. The Project serves many purposes including providing water storage for
the beneficial use of irrigation of over 200,000 ac of prime Central Valley farmland and for the
use of M&I customers in the City of Modesto (population 210,000). Consistent with the
requirements of the Raker Act passed by Congress in 1913 and agreements between the Districts
and City and County of San Francisco (CCSF), the Project reservoir also includes a “water bank”
of up to 570,000 AF of storage. CCSF may use the water bank to more efficiently manage the
water supply from its Hetch Hetchy water system while meeting the senior water rights of the
Districts. The “water bank” within Don Pedro Reservoir provides significant benefits for
CCSF’s 2.6 million customers in the San Francisco Bay Area.

The Project also provides storage for flood management purposes in the Tuolumne and San
Joaquin rivers in coordination with the U.S. Army Corps of Engineers (ACOE). Other important
uses supported by the Project are recreation, protection of the anadromous fisheries in the lower
Tuolumne River, and hydropower generation.

The Project Boundary extends from RM 53.2, which is one mile below the Don Pedro
powerhouse, upstream to RM 80.8 at an elevation corresponding to the 845 ft contour (31 FPC
510 [1964]). The Project Boundary encompasses approximately 18,370 ac with 78 percent of the
lands owned jointly by the Districts and the remaining 22 percent (approximately 4,000 ac)
owned by the United States and managed as a part of the U.S. Bureau of Land Management
(BLM) Sierra Resource Management Area.

The primary Project facilities include the 580-foot-high Don Pedro Dam and Reservoir
completed in 1971; a four-unit powerhouse situated at the base of the dam; related facilities
including the Project spillway, outlet works, and switchyard; four dikes (Gasburg Creek Dike
and Dikes A, B, and C); and three developed recreational facilities (Fleming Meadows, Blue
Oaks, and Moccasin Point Recreation Areas). The location of the Project and its primary
facilities is shown in Figure 1.1-1.

W&AR-18 1-1 Study Report
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Figure 1.1-1. Don Pedro Project location.
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1.0 Introduction

1.2 Relicensing Process

The current FERC license for the Project expires on April 30, 2016, and the Districts will apply
for a new license no later than April 30, 2014. The Districts began the relicensing process by
filing a Notice of Intent and Pre-Application Document (PAD) with FERC on February 10, 2011,
following the regulations governing the Integrated Licensing Process (ILP). The Districts’ PAD
included descriptions of the Project facilities, operations, license requirements, and Project lands
as well as a summary of the extensive existing information available on Project area resources.
The PAD also included ten draft study plans describing a subset of the Districts’ proposed
relicensing studies. The Districts then convened a series of Resource Work Group meetings,
engaging agencies and other relicensing participants in a collaborative study plan development
process culminating in the Districts’ Proposed Study Plan (PSP) and Revised Study Plan (RSP)
filings to FERC on July 25, 2011 and November 22, 2011, respectively.

On December 22, 2011, FERC issued its Study Plan Determination (SPD) for the Project,
approving, or approving with modifications, 34 studies proposed in the RSP that addressed
Cultural and Historical Resources, Recreational Resources, Terrestrial Resources, and Water and
Aquatic Resources. In addition, as required by the SPD, the Districts filed three new study plans
(W&AR-18, W&AR-19, and W&AR-20) on February 28, 2012 and one modified study plan
(W&AR-12) on April 6, 2012. Prior to filing these plans with FERC, the Districts consulted
with relicensing participants on drafts of the plans. FERC approved or approved with
modifications these four studies on July 25, 2012.

Following the SPD, a total of seven studies (and associated study elements) that were either not
adopted in the SPD, or were adopted with modifications, formed the basis of Study Dispute
proceedings. In accordance with the ILP, FERC convened a Dispute Resolution Panel on April
17, 2012 and the Panel issued its findings on May 4, 2012. On May 24, 2012, the Director of
FERC issued his Formal Study Dispute Determination, with additional clarifications related to
the Formal Study Dispute Determination issued on August 17, 2012.

This study report describes the objectives, methods, and results of the Sturgeon Study
(W&AR-18) as implemented by the Districts in accordance with FERC’s SPD and subsequent
study modifications and clarifications. On January 17, 2013, the Districts filed the Initial Study
Report for the Don Pedro Project. The U.S. Department of the Interior, Fish and Wildlife
Service (USFWS), the State Water Resources Control Board (SWRCB) and the Conservation
Groups® filed comments on the Initial Study Report on March 11, 2013; the Districts replied to
study comments on April 9, 2013. The Districts have edited the Don Pedro W&AR-18 Sturgeon
Study Report in response to the USFWS comments to acknowledge that green sturgeon
spawning occurs in the Sacramento River Basin. The Districts have also edited the report to
provide further clarification. Documents relating to the Project relicensing are publicly available
on the Districts’ relicensing website at www.donpedro-relicensing.com.

! The “Conservation Groups” consists of American Rivers, American Whitewater, California Sportfishing Protection Alliance,
California Trout, Central Sierra Environmental Resource Center, Friends of the River, Golden West Women Flyfishers,
Northern California Council Federation of Fly Fishers, Trout Unlimited, and the Tuolumne River Trust.
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1.0 Introduction

1.3 Study Plan

The continued operation and maintenance (O&M) of the Project may potentially contribute to
cumulative effects on habitat availability for in-river life stages of the Southern Distinct
Population Segment (DPS) of North American green sturgeon (Acipenser medirostris) and the
potential for green sturgeon to occur in the lower Tuolumne River. The Districts filed the
Sturgeon Study Plan (W&AR-18) with FERC on February 28, 2012, and FERC approved the
study on July 25, 2012.
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2.0 STUDY GOALS AND APPROACH

The goals of this study are to conduct a literature review and synthesize applicable studies and
reports on green sturgeon life history and habitat requirements in the Central Valley and San
Joaquin Basin, and to evaluate the potential for green sturgeon to be affected by Project
operations and maintenance activities. The study approach developed to meet these goals
includes:

= collect and summarize available information on green sturgeon distribution in order to
evaluate the likely presence of green sturgeon in the lower Tuolumne River;

= characterize green sturgeon habitat requirements;

= evaluate potential habitat availability for in-river life stages of green sturgeon in the lower
Tuolumne River; and

= identify if there are Project-related factors that could potentially limit green sturgeon habitat
in the Tuolumne River.

W&AR-18 2-1 Study Report
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3.0 STUDY AREA

The study area includes the lower Tuolumne River from La Grange Dam (RM 52) downstream
to its confluence with the San Joaquin River (RM 0). The lower Tuolumne River watershed
covers approximately 430 square miles of drainage area, and contains one major tributary, Dry
Creek at RM 16. Other contributions come from Peaslee Creek as well as McDonald Creek (via
Turlock Lake) primarily during and after storm events. In this reach, the Tuolumne River extends
from about elevation 35 feet at the confluence with the San Joaquin River to elevation 300 feet at
the tailrace of the Don Pedro powerhouse. The lower Tuolumne River watershed is long and
narrow and is dominated by irrigated farmland and the urban/suburban areas associated with the
City of Modesto, Waterford, and Ceres.

The lower Tuolumne River watershed below Don Pedro Dam transitions from gently rolling hills
near its easterly reaches to uniformly flat floodplain and terrace topography in the downstream
direction. Soils are deep and fertile and irrigated agriculture and urban land use dominates the
landscape. The Tuolumne River downstream of La Grange Dam flows 52 river miles to its
confluence with the San Joaquin River. The Tuolumne River leaves its steep and confined
bedrock valley and enters the eastern Central Valley downstream of La Grange Dam near La
Grange Regional Park, where hillslope gradients in the vicinity of the river corridor are typically
less than five percent. From this point to the confluence with the San Joaquin River, the modern
Tuolumne River corridor lies in an alluvial valley. Within the alluvial valley, the river can be
divided into two geomorphic reaches defined by channel slope and bed composition: a gravel-
bedded reach that extends from La Grange Dam (RM 52) to Geer Road Bridge (RM 24); and a
sand-bedded reach that extends from Geer Road Bridge to the confluence with the San Joaquin
River (McBain & Trush 2000). The gravel- and sand-bedded zones have been further subdivided
into seven reaches based on present and historical land uses, the extent and influence of
urbanization, valley confinement from natural and anthropogenic causes, channel substrate and
slope, and salmonid use (McBain & Trush 2000).

Large-scale anthropogenic changes have occurred to the lower Tuolumne River corridor since
the California Gold Rush in 1848. Gold mining, grazing, and agriculture encroached on the
lower Tuolumne River channel before the first aerial photographs were taken by the Soil
Conservation Service in 1937. Excavation of bed material for gold and aggregate to depths
below the river thalweg eliminated active floodplains and terraces and created large in- and off
channel pits. Agricultural and urban encroachment in combination with reduction in coarse
sediment supply and high flows has resulted in a relatively static channel within a narrow
floodway confined by dikes and agricultural fields. Although the tailing piles are primarily the
legacy of gold mining abandoned in the early 20™ century, gravel and aggregate mining
continued alongside the river for a number of miles, particularly upstream of the town of
Waterford around RM 34.

W&AR-18 3-1 Study Report
Sturgeon Don Pedro Project, FERC No. 2299



4.0 METHODOLOGY

In accordance with the FERC-approved study plan, this study relied upon information from
previous studies and ongoing fisheries monitoring activities in the study area and in the Central
Valley to (1) describe the distribution and habitat requirements of the in-river life stages of green
sturgeon, (2) analyze potential habitat availability in the lower Tuolumne River, and (3) analyze
the potential influence of Project-related factors on habitat availability. Relicensing Participants
were encouraged to provide additional relevant information for this study.

A number of studies and databases were reviewed to determine green sturgeon distribution, life
history timing, instream habitat requirements, and habitat conditions within the San Joaquin
Basin. References included peer reviewed scientific literature, grey literature, instream habitat
and water quality studies conducted by and for the Districts, and the California Department of
Fish and Game (CDFG) catch report card data.

Higher priority reviews and consideration were given to data and reports specific to the
Tuolumne River, then to data and reports related to the San Joaquin Basin, followed by
information from other rivers and tributaries within the Central Valley. Information obtained
was compiled and supplemented with relevant biological, hydrologic, physical habitat, and water
quality data in the study area.

The findings are organized into the following major sections:

= Southern DPS of Green Sturgeon Distribution;
= Green Sturgeon In-River Habitat Requirements;
= Potential Green Sturgeon Habitat Availability in the lower Tuolumne River; and

= Potential influence of Project-related Factors on Green Sturgeon Habitat Availability in the
Tuolumne River

4.1 Green Sturgeon Distribution

A literature review of the historical and current distribution of the Southern DPS of green
sturgeon within the Central Valley was performed. The Southern DPS of green sturgeon is listed
as threatened under the federal Endangered Species Act (NMFS 2006). The Southern DPS
includes green sturgeon that spawn and live within the Sacramento River Basin, Sacramento-San
Joaquin Delta [Delta], and the San Francisco Bay estuary. Adult migrations and spawning of this
DPS have only been confirmed within the Sacramento River Basin (NMFS 2006). Critical
habitat for the Southern DPS of green sturgeon was designated in 2009, and includes the
Sacramento-San Joaquin Delta, except for specific excluded areas as described in NMFS
(2009a). The San Joaquin River and its tributaries upstream of the Delta, including the Tuolumne
River, are not designated as critical habitat.
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4.0 Methodology

4.2 Green Sturgeon In-River Habitat Requirements

For purposes of evaluation, in-river habitat requirements were taken directly from the primary
constituent element (PCE) concept used for the Southern DPS of green sturgeon critical habitat
designation (NMFS 2009a) and include those biological and physical habitat features necessary
for survival and successful reproduction within freshwater riverine systems, as follows:

(1) Food Resources. Abundant prey items for larval, juvenile, subadult, and adult life stages.

(2) Substrate. Substrates suitable for egg deposition and development (e.g., bedrock sills and
shelves, cobble and gravel, or hard clean sand, with interstices or irregular surfaces to
“‘collect’” eggs and provide protection from predators, and free of excessive silt and debris
that could smother eggs during incubation), larval development (e.g., substrates with
interstices or voids providing refuge from predators and from high flow conditions), and
subadults and adults (e.g., substrates for holding and spawning).

(3) Water Flow. A flow regime (i.e., the magnitude, frequency, duration, seasonality, and
rate-of-change of fresh water discharge over time) necessary for normal behavior, growth,
and survival of all life stages.

(4) Water Quality. Water quality (e.g., salinity, temperature, oxygen content, etc.) necessary
for normal behavior, growth, and viability of all life stages.

(5 Migratory Corridor. A migratory pathway necessary for the safe and timely passage of
Southern DPS fish within riverine habitats and between riverine and estuarine habitats
(e.g., an unobstructed river or dammed river that still allows for safe and timely passage).

(6) Water Depth. Deep (>[_15 m) holding pools for both upstream and downstream holding of
adult or subadult fish, with adequate water quality and flow to maintain the physiological
needs of the holding adult or subadult fish.

(7) Sediment Quality. Sediment quality (i.e., chemical characteristics) necessary for normal
behavior, growth, and viability of all life stages.

4.3 Potential Habitat Availability

Information on instream habitat attributes within the Tuolumne River was compared with in-
river habitat requirements identified in Section 4.2 to gain an understanding of potential habitat
availability in the Tuolumne River.

4.4 Potential Influence of Project-related Factors on Habitat Availability

The potential of Project-related factors to influence green sturgeon habitat availability was
evaluated based on information compiled regarding distribution, habitat requirements, and
habitat availability.
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51 Southern DPS of Green Sturgeon Distribution

The only spawning population of the Southern DPS of green sturgeon known to have spawned
historically or currently in the Central Valley occurs in the Sacramento River Basin (NMFS
2006, Adams et al. 2002), where spawning migrations have been documented to extend upstream
to Cow Creek (RM 280) (Heublein et al. 2009), and eggs, larvae, and post-larval green sturgeon
are commonly captured during sampling efforts (Beamesderfer et al. 2004; Brown 2007).
Juveniles have also been observed in the Sacramento River around the Red Bluff Diversion Dam
(NMFS 2009a).

NMFES critical habitat determination notes that the San Joaquin River is accessible to green
sturgeon (i.e., there are no physical barriers blocking upstream migration into the system), yet
they do not appear to currently occupy this river system upstream of the Delta (NMFS 2009a)
and there is no evidence that spawning has ever occurred in the San Joaquin River or its
tributaries, including the Tuolumne River (Adams et al. 2002; CDFG 2002; Beamesderfer et al.
2004; BRT 2005; NMFS 2009a). Numerous fisheries studies have been conducted in the
Tuolumne River since the 1980s, and no adult, larval, or juvenile green sturgeon have ever been
found (Ford and Brown 2001).

Juvenile green sturgeon have been collected in the San Joaquin Delta at water diversion facilities
(ranging from 17 to 7,313+ annually between 1968 and 2001; Adams et al. 2002) and at Santa
Clara Shoal (Radtke 1966), and a single specimen was collected from Old River (CAS
collection, D. Catania, pers. comm. as cited in Moyle et al. 1995). Although it is unclear whether
these fish originated from the San Joaquin or Sacramento rivers, CDFG (2002) concluded that
“based on movement of other fishes in the Delta, young green sturgeon found in the lower San
Joaquin River could easily, and most likely, come from known spawning populations in the
Sacramento River.” This conclusion is understandable given that the south Delta pumping
facilities result in reverse flows (i.e., upstream from the Delta) in the Old and Middle rivers of
between 2,000 and 7,500 cubic feet per second (cfs) during the spring and summer months
(USDI 2008).

Israel and Klimley (2008) and Moyle (2002) have suggested that green sturgeon may have
historically spawned in the San Joaquin River based on the presence of juvenile green sturgeon
at Santa Clara Shoal (Radtke 1966) in the “lower San Joaquin.” This location is near the
confluence with the Sacramento River and is in the tidally influenced portion of the San Joaquin
River (i.e., the Delta) where negative flows occur, which led the original author (Radtke 1966,
page 126) to surmise that these juveniles “probably moved upriver [into the San Joaquin] from
the bay, perhaps to feed.”

Since 2007, CDFG has implemented a Sturgeon Fishing Report Card (Card) Program that
requires anglers in California to identify any white or green sturgeon retained (only white
sturgeon allowed to be retained) or released and the river reach where they were captured. In the
San Joaquin River, the Card defines two reaches (1) Stockton to HWY 140 bridge and (2)
upstream of HWY 140 bridge. Based on annual Card reports (Gleason et al. 2008; DuBois et al.
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2009, 2010, and 2011), six green sturgeon have been self-reported by three anglers in the San
Joaquin River, including one captured upstream of HWY 140 bridge and five between Stockton
and HWY 140 Bridge, ranging in size from 0.6 to 0.8 m (24 to 31 inches). The capture records
were from the spring of 2009 and 2010. Although these data could indicate the occasional
presence of juvenile green sturgeon in the San Joaquin River, the reach between Stockton and
HWY 140 Bridge where most of the individuals were reported includes a portion of the Delta
and thus extends into the zone of critical habitat.

White sturgeon are regularly observed in the San Joaquin River upstream from the Delta
(Beamesderfer et al. 2004) and spawning has long been suspected to occur in wet years (Shaffter,
CDFG retired, 2004 personal communication as cited in Beamesderfer et al. 2007). A recent
study (Gruber at al. 2012) provided the first documented evidence of white sturgeon spawning in
the San Joaquin River. This evidence was based on the collection of white sturgeon eggs that
were believed to be from a single spawning event on the San Joaquin River upstream of the
confluence with the Tuolumne River at RM 88 (Gruber et al. 2012). Average daily discharge in
the San Joaquin River in early 2011 was two to three times higher than those experienced for
water years 1991 to 2010 (Gruber et al. 2012). The authors speculated that river discharge levels
of this magnitude triggered white sturgeon to enter and spawn within the San Joaquin River
system (Gruber et al. 2012). Anglers and game wardens report that white sturgeon caught in
prior years in the San Joaquin River commonly expel eggs or milt during handling, which
suggests that spawning of white sturgeon has occurred near traditional fishing locations in other
years (Gruber et al. 2012).

No information was found to suggest that adult green sturgeon migrate into, spawn, or in any
way occupy the Tuolumne River. Despite the numerous Tuolumne River fisheries studies that
have been conducted for the Districts since the 1980s, there is no information documenting
occurrence of larval, juvenile, or adult green sturgeon in the Tuolumne River.

5.2 Southern DPS of Green Sturgeon In-River Habitat Requirements

Although green sturgeon habitat requirements have not been extensively studied, general in-river
habitat requirements relative to seven different PCEs are discussed below.

5.2.1 Food Resources

While very little information is available on the specific food and nutrient requirements of
Southern DPS green sturgeon (Klimley et al. 2006) juvenile and adult sturgeon are generally
described as benthic feeders (Moyle 2002). Radtke (1966) found the diet of juveniles in the San
Francisco Estuary included opossum shrimp and amphipods. The diets of green sturgeon in the
Pacific Northwest have been found to include sand lances, callianassid shrimp, anchovies and
clams (Wydoski and Whitney 1979 as cited in Moyle 2002; P. Foley, pers. comm. 1992 as cited
in Moyle 2002).

522 Substrate Type or Size

Spawning may occur over a wide range of substrates, such as clean sand to bedrock (Moyle
2002); however, there appears to be a preference for gravel, cobble, and boulders (Poytress et al.
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2010, 2011). Substrates suitable for egg deposition and development include bedrock sills and
shelves, boulders, or cobbles and gravel with interstices or irregular surfaces to “collect” eggs;
free of excessive silt and debris that could smother eggs during incubation; and suitable for
providing protection from predators (BRT 2005, NMFS 2009a; Deng et al. 2002). Substrates
suitable for larval development include those that contain spaces (e.g., interstices or voids)
providing refuge from predators and high flow conditions (NMFS 2009a). Newly hatched larvae
have poor swimming ability and prefer to stay in contact with structure, cover, and dark (very
low light) habitat as opposed to open river bottoms (Kynard et al. 2005 as cited in NMFS 2009a).

5.2.3 Water Flow

Specific flow ranges are unknown, but suitable flows are considered by NMFS (2009a) to be
those that would provide for adult upstream migration, trigger spawning, trigger post-spawning
downstream migration, maintain water temperatures within the optimal range for eggs, larvae,
and juveniles, reduce fungal infestations of eggs, and flush silt and debris from substrates.

524 Water Quality

NMFS (2009a) considers suitable water temperatures for green sturgeon to be: 11-17°C in
spawning reaches for egg incubation during March—-August (Van Eenennaam et al. 2005);
<20°C for larval development (Werner et al. 2007); <24°C for juveniles (Mayfield and Cech
2004; Allen et al. 2006); and NMFS (2009b) states that subadults and adults may need a
minimum dissolved oxygen level of at least 6.54 mg O/l (Kelly et al. 2007; Moser and Lindley
2007).

525 Migratory Corridor

An unimpeded migration pathway (i.e., no physical, chemical or biological human-induced
impediments) within and between riverine and estuarine spawning and rearing habitats is
necessary for adults and juveniles (NMFS 2009a).

5.2.6 Water Depth

Spawning and holding adults prefer pools that are >5 m (16.4 ft) deep with complex hydraulic
features and upwelling, bedrock shelves, and cobble/boulder substrate (Moyle 2002; Adams et
al. 2002; BRT 2005; Heublein et al. 2009).

5.2.7 Sediment Quality

Sediment quality (i.e., chemical characteristics) that is sufficient to provide for normal behavior,
growth, and viability of all life stages is necessary (NMFS 2009a). This includes sediments free
of elevated levels of contaminants (e.g., selenium, PAHSs, and pesticides) that may result in
bioaccumulation in green sturgeon from feeding on benthic species.
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5.3 Potential Green Sturgeon Habitat Availability in the Lower Tuolumne
River

Existing conditions within the Tuolumne River relative to each in-river habitat requirement
discussed in Section 5.2 are discussed below. Although criteria for individual habitat
requirements may be satisfied within the Tuolumne River, this does not indicate that green
sturgeon would be able to complete their life cycle in the river. Based on the more extensively
studied white sturgeon, it appears that very specific combinations of “suitable” habitat conditions
are necessary for sturgeon to select locations for breeding and subsequent rearing, as indicated
by spawning fish that do not utilize many sites containing apparently suitable substrate, velocity,
and depths; preference for these specific and suitable combinations of habitat conditions has
made it difficult to implement successful habitat restoration (Beamesderfer et al. 2005). As such,
the presence of apparently suitable, or restorable habitat elements is not an indication that those
elements would actually function to support green sturgeon.

NMFES (2009a) did not designate the San Joaquin River or any of its tributaries as critical habitat
for green sturgeon because there was insufficient information to determine that these areas were
essential for conservation of the species, and the unknown “likelihood that habitat conditions
within these unoccupied areas will be restored to levels that would support green sturgeon
presence and spawning (e.g., restoration of fish passage and sufficient water flows and water
temperatures).”

53.1 Food Resources

Although specific data are lacking for juvenile green sturgeon in the Tuolumne River, limited
information from previous studies in the Central Valley system and other regions indicate that
green sturgeon prey items include amphipods, shrimps, bivalves and various small fishes (Moyle
2002). Many of these prey types are found in the Tuolumne River (Stillwater Sciences 2010).

5.3.2 Substrate Type or Size

The Tuolumne River downstream of RM 24 is a sand-bedded reach (McBain and Trush 2000)
that does not contain substrate to support spawning, egg incubation, and early larval
development of green sturgeon. Habitat mapping between RM 29 and RM 51.8 suggests the
possibility of suitable substrate in a 12 mile reach between RM 39.5 and RM 51.8 (Stillwater
Sciences 2010).

533 Water Flow
Since green sturgeon instream flow needs are vaguely defined, poorly understood, and likely

stream-specific due to variation in channel geometry and gradient, assessment of specific flows
in the lower Tuolumne River relative to the requirements of green sturgeon is not possible.
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534 Water Quality

The Districts have collected continuous water temperature data at numerous locations in the
Tuolumne River since 1997. Daily mean water temperatures from 1997-2011, representing all
water year types, were averaged across years to calculate historical mean daily water
temperatures for each location (Figure 5.3-1). Flow releases during egg incubation, larval
development, and juvenile rearing periods provide the coldest water available from the reservoir
(<12°C year-round), and ambient air temperatures are the driving influence for the downstream
extent of suitable water temperatures for each life stage dependent on time of year (Stillwater
2011).

Historical mean daily water temperatures are within the optimal range for egg incubation
(11-17°C) during the entire incubation period (March-August) at Riffle 13B (RM 45.5), while
temperatures are slightly below the optimal range until about June at Riffle 3B (RM 49.1) and
La Grange Dam (RM 51.8) (Figure 5.3-1). Temperatures begin to increase above the optimal
egg incubation range in early June at RM 36.7 and Roberts Ferry Bridge (RM 39.5) but
generally remain within the optimal water temperatures for larvae (<20°C) and juveniles
(<24°C) through the entire larval (mid-March to mid-September) and juvenile (year-round)
periods, respectively. For sites further downstream (Hughson at RM 23.6 and Shiloh at RM
3.4), temperatures increase above optimal egg incubation beginning in late May and above
optimal larval development by mid-June, but remain within optimal juvenile temperatures year-
round.

Table 5.3-1.  Water temperature station locations in the Tuolumne River and periods of record.

RM Location Start Date End Date
3.5 Shiloh Bridge 12/11/1997 11/2/2011
23.6 Hughson Treatment Plant 12/10/1997 11/2/2011
36.7 Ruddy Gravel 12/10/1997 11/2/2011
39.5 Roberts Ferry Bridge 8/11/1998 11/2/2011
455 Riffle 13B 11/14/2001 11/2/2011
49.1 Riffle 3B 12/10/1997 11/2/2011
51.8 La Grange Power House 11/14/2001 11/2/2011
W&AR-18 5-5 Study Report
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—— Roberts Ferry Bridge (RM 39.5) = Ruddy Gravel (RM 36.7) Hughson Treatment Plant (RM 23.5)
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Figure 5.3-1. Average mean daily water temperatures in the Tuolumne River (1997-2011).

Dissolved oxygen measurements have been recorded periodically at six riffles between RM 25.4
and RM 51.6 during annual BMI sampling (July/August in years 2001-2005, 2007-2009) and
have ranged from 8.0 to 13.1 mg/L (Stillwater Sciences 2010). Additionally, instantaneous
dissolved oxygen measurements were recorded 3-7 days per week at the Tuolumne River Weir
(RM 24.5) from September 16 to December 31, 2011, and ranged between 8.29 mg/L and 12.79
mg/L (10.60 mg/L season average; Cuthbert et al. 2012). Based on these data, it appears that
dissolved oxygen is within suitable ranges for various life stages upstream of RM 25.4 from
July-December.

535 Migratory Corridor

NMFS critical habitat determination notes that that the San Joaquin River is accessible to green
sturgeon; there are no physical barriers blocking upstream migration into the system. There are
no known physical impediments to passage of migrating fish in the Tuolumne River between La
Grange Dam (RM 51.8) and the confluence with the San Joaquin River.

5.3.6 Water depth

The Tuolumne River downstream of RM 24 is a sand-bedded reach (McBain and Trush 2000)
that does not contain suitable water depths for adult spawning and holding. Habitat mapping
conducted between RM 29 and 51.8 indicates that more than 75 percent of the reach was riffles,
runs, and glides (Stillwater Sciences 2010). All riffles, runs, and glides were too shallow to
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support adult holding and spawning. Several pools exceeding 5 m in depth were reported
between RM 39.5 and 51.8 (TID/MID 2013).

5.3.7 Sediment Quality

Studies have not been conducted in the Tuolumne River to assess levels of contaminants in
sediments, and no data were found to support any conclusions about sediment quality.

5.4 Potential Influence of Project-related Factors on Green Sturgeon
Habitat Availability in the Lower Tuolumne River

FERC’s scoping document directed the Districts to evaluate Project O&M that could contribute
to cumulative effects to aquatic resources in the Tuolumne River between La Grange Dam and
the confluence with the San Joaquin River. However, most of the river has conditions that do not
support several of the life stages of green sturgeon, and downstream conditions (in the Tuolumne
or San Joaquin rivers) would preclude spawning migrations into the area in most years. The lack
of historical documentation of green sturgeon in the Tuolumne River, and rarely in the San
Joaquin River, is consistent with these observations.

Project O&M does not have the potential to influence green sturgeon as there is no evidence that
green sturgeon historically or currently exist in the Tuolumne River. Project- O&M also does not
have the potential to influence critical habitat availability for Southern DPS of green sturgeon
because the Tuolumne River is not designated by NMFS to be critical habitat (NMFS 2009a).

Fisheries monitoring has been conducted in the Tuolumne River since at least 1973, including
annual seining surveys since 1983, rotary screw trap monitoring since 1995, and weir monitoring
since 2009 (Table 5.4-1). While the objectives, methods, and locations of sampling have varied,
there has been a general trend of increasing monitoring effort over this period. Despite intensive
fisheries research and monitoring efforts over the past 40 years, sturgeon have never been
observed.

Table 5.4-1.  Summary of fisheries monitoring efforts in the lower Tuolumne River.

Sampling Activity Location Duration References

Old La Grange Ford and Brown 2001;

Seining Bridge to Shiloh 1983-2012 TID/MID 2005; Stillwater

Bridge Sciences 2012a
Fyke netting TLSRAto 1973-1974; 1977; 1980-1983; 1986 | Ford and Brown 2001
McClesky Ranch ' ' '

TID/MID 1992; Stillwater

Predation Studies Roberts Ferry to . . . Sciences and McBain and
(electrofishing) Grayson 1990; 1998-1999; 2003; 2012 Trush 2006; TID/MID

2013

Ford and Brown 2001;

Fuller 2006; Fuller et al.
2007; Fuller 2008; Palmer
RST Monitoring Grayson 1995-2012 and Sonke 2008; Palmer
and Sonke 2010; Sonke
and others 2010; Sonke

and others 2012
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Sampling Activity Location Duration References
TLSRA/7-11/ 1998-2000 TID/MID 2005
Deardorff
Hughson/
Charles Rd 1998-2000 TID/MID 2005
Fuller et al. 2007; Fuller
2008; Palmer and Sonke
2008; Palmer and Sonke
Waterford 2006-2012 2010; Sonke and others
2010; Sonke and others
2012
Summer Surveys .
(seining, snorkeling, SE?IT)Ii? Qr?i,dtoe 1988-1994 Ford and Brown 2001
and electrofishing) g
Snorkel Surveys L?onr\?antg?f(l)Dr?jm 1982-2011 Stillwater Sciences 2012b
Cuthbert et al. 2010;
. L Becker et al. 2011;
Weir Monitoring Hughson 2009-2012 Cuthbert et al. 2012:
FISHBIO 2013
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6.0 SUMMARY AND CONCLUSIONS

The pre-historical (pre-human disturbance) presence of green sturgeon within the San Joaquin
Basin remains unknown, and there is no evidence that adult, larval, or juvenile green sturgeon
currently or historically occupied the Tuolumne River. There are some habitat features within
the river that meet requirements for various lifestages; however, this does not imply that the
green sturgeon could utilize this habitat, particularly since spawning adults appear to select areas
containing a suite of habitat suitability components that are not readily separable. Based on the
long-term unoccupied status of the river, NMFS’ determination that the river does not provide
critical habitat for green sturgeon, and 36 years of fisheries monitoring without encountering any
sturgeon, Project operations are not likely to affect or influence habitat availability for green
sturgeon in the Tuolumne River.
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7.0 STUDY VARIANCES AND MODIFICATIONS

As stated in Section 2, the goals of this study were to synthesize applicable studies and reports on
green sturgeon distribution, life history, and habitat requirements in the Central Valley and San
Joaquin Basin, and to evaluate the potential for this species to be cumulatively affected by the
Project. There were no variances from the Study Plan.

W&AR-18 7-1 Study Report
Sturgeon Don Pedro Project, FERC No. 2299



8.0 REFERENCES

Adams, P.B., C.B. Grimes, J.E. Hightower, S.T. Lindley, and M.L. Moser. 2002. Status Review
for the North American green sturgeon. NOAA, National Marine Fisheries Service,
Southwest Fisheries Science Center, Santa Cruz, CA. 49 p.

Allen, P. J., B. Hodge, I. Werner, and J. J. Cech. 2006. Effects of ontogeny, season, and
temperature on the swimming performance of juvenile green sturgeon (Acipenser
medirostris). Canadian Journal of Fisheries and Aquatic Sciences 63:1360-1369.

Beamesderfer, R.C.P., G. Kopp, and D. Demko. 2005. Review of the distribution, life history,
and population dynamics of green sturgeon with reference to California’s Central Valley.
S.P. Cramer and Associates.

Beamesderfer, R., M. Simpson, G. Kopp, J. Inman, A. Fuller, and D. Demko. 2004. Historical
and current information on green sturgeon occurrence in the Sacramento and San Joaquin
rivers and tributaries. Prepared by S. P. Cramer & Associates, Oakdale, California for
State Water Contractors, Sacramento, California.

Beamesderfer, R.C.P., M. Simpson, and G. Kopp. 2007. Use of life history information in a
population model for Sacramento green sturgeon. Environ Biol Fish 79:315-337.

Becker, C., R. Cuthbert, and A. Fuller. 2011. Fall/Winter Migration Monitoring at the Tuolumne
River Weir: 20012 Annual Report. Prepared by FISHBIO and submitted to Turlock
Irrigation District and Modesto Irrigation District. 16 pp.

Brown, K. 2007. Evidence of spawning by green sturgeon, Acipenser medirostris, in the upper
Sacramento River, California. Environmental Biology of Fishes (2006) COI
10.1007/s10641-006-9085-5.

BRT (Biological Review Team). 2005. Green sturgeon (Acipenser medirostris) status review
update. Southwest Fisheries Science Center, NOAA Fisheries, Santa Cruz, California.

California Department of Fish and Game (CDFG). 2002. CDFG comments to NOAA Fisheries
regarding green sturgeon listing. 129 pp.

Cuthbert, R., A. Fuller, and S. Snider. 2010. Fall/Winter Migration Monitoring at the Tuolumne
River Weir: 2009/10 Annual Report. Prepared by FISHBIO and submitted to Turlock
Irrigation District and Modesto Irrigation District. 16 pp.

Cuthbert, R., C. Becker, and A. Fuller. 2012. Fall/Winter Migration Monitoring at the Tuolumne
River Weir: 2011 Annual Report. Prepared by FISHBIO and submitted to Turlock
Irrigation District and Modesto Irrigation District. 18 pp.

Deng, X., J.P. Van Eenennaam, and S.l. Doroshov. 2002. Comparison of early life stages and
growth of green and white sturgeon. American Fisheries Society Symposium 28:237-248.

W&AR-18 8-1 Study Report
Sturgeon Don Pedro Project, FERC No. 2299



8.0 References

DuBois, J., M. Gingras, and R. Mayfield. 2009. 2008 sturgeon fishing report card: Preliminary
data report. California Department of Fish and Game, Stockton, California.

DuBois, J., B. Beckett, and T. Matt. 2010. 2009 sturgeon fishing report card: Preliminary data
report. California Department of Fish and Game, Stockton, California.

DuBois, J., T. Matt, and T. MacColl. 2011. 2010 sturgeon fishing report card: Preliminary data
report. California Department of Fish and Game, Stockton, California.

FISHBIO. 2013. Tuolumne Weir Update. January 11, 2013.

Ford, T. and L.R. Brown. 2001. Distribution and Abundance of Chinook Salmon and Resident
Fishes of the Lower Tuolumne River, California. Pp. 253-304, in, R. Brown (ed.), Fish
179: Contributions to the Biology of Central Valley Salmonids. California Department of
Fish and Game, Sacramento, CA.

Fuller, A. N. 2006. Rotary Screw Trap Summary Update. 2005 LOWER TUOLUMNE RIVER
ANNUAL REPORT. Report 2005-5. Prepared for Turlock Irrigation District and
Modesto Irrigation District.

.2008. Outmigrant trapping of juvenile salmonids in the lower Tuolumne River, 2007.
Prepared for FISHBIO Environmental, Chico, California for Turlock Irrigation District
and Modesto Irrigation District.

Fuller, A. N., M. Simpson, and C. Sonke. 2007. Outmigrant trapping of juvenile salmonids in the
lower Tuolumne River, 2006. FISHBIO Environmental, Chico, CA. Final Report
submitted to Turlock and Modesto Irrigation Districts.

Gleason, E., M. Gingras, and J. DuBois. 2008. 2007 sturgeon fishing report card: Preliminary
data report. California Department of Fish and Game, Stockton, California.

Gruber, J. J., Z. J. Jackson, and J. P. Van Eenennaam. 2012. 2011 San Joaquin River sturgeon
spawning survey. Lodi Fish and Wildlife Office, Anadromous Fish Restoration Program,
U. S. Fish and Wildlife Service, Stockton, California.

Heublein, J. C., J. T. Kelly, C. E. Crocker, A. P. Klimley, and S. T. Lindley. 2009. Migration of
green sturgeon, Acipenser medirostris, in the Sacramento River. Environmental Biology
of Fishes (2009) 84:245-258.

Israel, J.A. and A.P. Klimley. 2008. Life history conceptual model — North American green
sturgeon (Acipenser medirostris). Sacramento-San Joaquin Delta Regional Ecosystem
Restoration Implementation Plan.

Kelly, J. T., A. P. Klimley, and C. E. Crocker. 2007. Movements of green sturgeon, Acipenser
medirostris, in the San Francisco Bay Estuary, California. Environmental Biology of
Fishes 79:281-295.

W&AR-18 8-2 Study Report
Sturgeon Don Pedro Project, FERC No. 2299



8.0 References

Klimley, A.P., P.J. Allen, J.A. Israel, and J.T. Kelly. 2006. The green sturgeon and its
environment, past, present and future. Environmental Biology of Fishes. DOI
10.1007/s10641-006-9177-2.

Kynard, B., E. Parker, and T. Parker. 2005. Behavior of early life intervals of Klamath River
green sturgeon, Acipenser medirostris, with notes on body color. Environmental Biology
of Fishes 72: 85-97.

Mayfield, R. B., and J. J. Cech Jr. 2004. Temperature effects on green sturgeon bioenergetics.
Transactions of the American Fisheries Society 113:961-970.

McBain and Trush. 2000. Habitat restoration plan for the lower Tuolumne River corridor — Final
report. Prepared for: The Tuolumne River Technical Advisory Committee. Arcata,
California.

Moser, M.L., and S.T. Lindley. 2007. Use of Washington estuaries by subadult and adult green
sturgeon. Environmental Biology of Fishes. 79:243-253.

Moyle, P.B. 2002. Inland fishes of California. University of California Press, Berkeley, CA. 502
Pp.

Moyle, P.B., R.M. Yoshiyama, J.E. Williams, and E.D. Wikramanayake. 1995. Fish Species of
Special Concern In California. California Department of Fish and Game, Sacramento,
California.

NMFS. 2006. Endangered and threatened wildlife and plants: threatened status for Southern
Distinct Population Segment of North American green sturgeon — final rule. Federal
Register 71: 17757-17766.

.2009a. Endangered and threatened wildlife and plants: final rulemaking to designate
critical habitat for the threatened for Southern Distinct Population Segment of North
American green sturgeon — final rule. Federal Register 74:52300-52348.

. 2009b. Designation of critical habitat for the threatened Southern Distinct Population
Segment of North American green sturgeon — final biological report. NMFS Southwest
Region, Long Beach, California.

Palmer, M. and C. Sonke. 2008. Outmigrant trapping of juvenile salmonids in the lower
Tuolumne River, 2008. FISHBIO Environmental, Chico, CA. Final Report submitted to
Turlock and Modesto Irrigation Districts.

. 2010. Outmigrant trapping of juvenile salmonids in the lower Tuolumne River, 2009.
FISHBIO Environmental, Chico, CA. Final Report submitted to Turlock and Modesto
Irrigation Districts.

W&AR-18 8-3 Study Report
Sturgeon Don Pedro Project, FERC No. 2299



8.0 References

Poytress, W.R., J.J. Gruber and J.P. Van Eenennaam. 2010. 2009 Upper Sacramento River green
sturgeon spawning habitat and larval migration surveys. Annual Report of U.S. fish and
Wildlife Service to U.S. Bureau of Reclamation, Red Bluff, CA.

.2011. 2010 Upper Sacramento River green sturgeon spawning habitat and larval
migration surveys. Annual Report of U.S. Fish and Wildlife Service to U.S. Bureau of
Reclamation, Red Bluff, CA.

Radtke, L. D. 1966. Distribution of smelt, juvenile sturgeon, and starry flounder in the
Sacramento-San Joaquin Delta with observations on food of sturgeon. Pages 115-129 in:
J. L. Turner and D. W. Kelley (editors). Ecological studies of the Sacramento-San
Joaquin Delta Part IlI: Fishes of the Delta. California Department of Fish and Game Fish
Bulletin.

Sonke, C., S. Ainsley, and A. Fuller. 2010. Outmigrant trapping of juvenile salmonids in the
lower Tuolumne River, 2010. FISHBIO Environmental, Chico, CA. Final Report
submitted to Turlock and Modesto Irrigation Districts.

. 2012. Outmigrant trapping of juvenile salmonids in the lower Tuolumne River, 2011.
FISHBIO Environmental, Oakdale, CA. Final Report submitted to Turlock and Modesto
Irrigation Districts.

Stillwater Sciences. 2010. 2009 Benthic Macroinvertebrate Monitoring and Summary Update.
Prepared for the Turlock Irrigation District and the Modesto Irrigation District by
Stillwater Sciences, Berkeley, California. March.

Stillwater Sciences. 2011. Tuolumne River water temperature modeling study. Final Report.
Prepared by Stillwater Sciences, Berkeley, California for Turlock Irrigation District and
Modesto Irrigation District, California, March.

.2012a. 2011 LOWER TUOLUMNE RIVER ANNUAL REPORT Report 2011-3, 2011
Seine Report and Summary Update.

.2012b. 2011 LOWER TUOLUMNE RIVER ANNUAL REPORT Report 2011-5, 2011
Snorkel Report and Summary Update.

Stillwater Sciences and McBain & Trush. 2006. Lower Tuolumne River Basin Predation
Assessment Final Report. Prepared for the Tuolumne River Technical Advisory
Committee, Turlock and Modesto Irrigation Districts, USFWS Anadromous Fish
Restoration Program, and California Bay-Delta Authority, by Stillwater Sciences,
Berkeley, CA and McBain & Trush, Arcata, CA.

Turlock Irrigation District and Modesto Irrigation District (TID/MID). 1992. Lower Tuolumne
River Predation Study Report. Appendix 22 to Turlock Irrigation District and Modesto
Irrigation District Pursuant to Article 39 of the License for the Don Pedro Project, No.

W&AR-18 8-4 Study Report
Sturgeon Don Pedro Project, FERC No. 2299



8.0 References

2299 Vol. VII. Prepared by T. Ford, Turlock and Modesto Irrigation Districts and EA
Engineering, Science, and Technology, Lafayette, California.

. 2005 Ten Year Summary Report.

. 2013. Oncorhynchus mykiss Habitat Assessment Study Report (W&AR-12). Attachment
to Don Pedro Hydroelectric Project Initial Study Report. January 2013.

U.S. Department of the Interior (USDI). 2008. Biological assessment on the continued long-term
operations of the Central Valley Project and the State Water Project. USDI, Bureau of
Reclamation, Mid-Pacific Region, Sacramento, California.

Van Eenennaam, J.P., J. Linares-Casenave, X. Deng, and S.I. Doroshov. 2005. Effect of
incubation temperature on green sturgeon embryos, (Acipenser medirostris).
Environmental Biology of Fishes. 72:145-154.

Werner, 1., J. Linares-Casenave, J.P. Van Eenennaam, and S.1. Doroshov. 2007. The effect of
temperature stress on development and heat-shock protein expression in larval green
sturgeon (Acipenser mirostris). Environmetal Biology of Fishes. Vol. 79: 191-200.

W&AR-18 8-5 Study Report
Sturgeon Don Pedro Project, FERC No. 2299



	1.0 INTRODUCTION
	1.1 Background
	Figure 1.1-1. Don Pedro Project location.
	1.2 Relicensing Process
	1.3 Study Plan

	2.0 STUDY GOALS AND APPROACH
	3.0 STUDY AREA
	4.0 METHODOLOGY
	4.1 Green Sturgeon Distribution
	4.2 Green Sturgeon In-River Habitat Requirements
	4.3 Potential Habitat Availability
	4.4 Potential Influence of Project-related Factors on Habitat Availability

	5.0 RESULTS
	5.1 Southern DPS of Green Sturgeon Distribution
	5.2 Southern DPS of Green Sturgeon In-River Habitat Requirements
	5.2.1 Food Resources
	5.2.2 Substrate Type or Size
	5.2.3 Water Flow
	5.2.4 Water Quality
	5.2.5 Migratory Corridor
	5.2.6 Water Depth
	5.2.7 Sediment Quality

	5.3  Potential Green Sturgeon Habitat Availability in the Lower Tuolumne River
	5.3.1 Food Resources
	5.3.2 Substrate Type or Size
	5.3.3 Water Flow
	5.3.4 Water Quality

	Figure 5.3-1. Average mean daily water temperatures in the Tuolumne River (1997–2011).
	5.3.5 Migratory Corridor
	5.3.6 Water depth
	5.3.7 Sediment Quality

	5.4 Potential Influence of Project-related Factors on Green Sturgeon Habitat Availability in the Lower Tuolumne River

	6.0 SUMMARY AND CONCLUSIONS
	7.0 Study variances and modifications
	8.0 REFERENCES

